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Abstract. Polymers are long-chain molecules that are formgdlibking repetitive monomer units and they haverbe
extensively studied for tissue-engineering applicet Structures that are designed as a supportimén deliver cell
populations or induce surrounding tissue growth &r@wn as scaffolds. Biocompatible and biodegréeigimlymeric
materials are considered as an important class dtemals that can be used as scaffolds in tissugineering
applications. Scaffolds have to present similausture and also function as an artificial extraloér matrix for cell
attachment and growth. Some methods to fabricaffadds are solvent casting, fiber bonding, phaspasation, gas
induced foaming, salt leaching, 3D printing, seleetlaser sintering, multi-phase jet solidificatiogletrospinning among
others.The process of electrospinning is considered onth@fmost promising methods for the fabricatiorpofymer
nanofibers. This process consists in applying & igctric field, which causes stretching of a pody that exits through a
capillary. Among the numerous applications of thiecess, electrospinning allows the fabricationsefniconductor and
conductive nanofibers from mixtures or solutiondiiclv have great potential for applications in serss@nd the
fabrication of scaffolds for cell growth. The pdlycaprolactone) (PCL) has been widely used for bidice applications
due to its biodegradable and biocompatible promertiand also presents the approved of U. S. Foddl [@rug
Administration (FDA). PCL is a semi-crystalline@iatic polymer that has a slow degradation ratetard 12 — 24 month.
It has glass transition temperature at — 60°C, dtimg temperature at about 60°C. Poly-L-lactide (R) is the product
resulting from polymerization of L-lactide. PLLAsha degree of crystallization of approximately 3&/glass transition
temperature between 50-80°C and a melting temperdbetween 173-178 °C. Because of the stereo neghiain
microstructure, optically pure polylactides, poly-lactide) (PLLA) and poly (D-lactide) (PDLA), asemi-crystalline. In
this work the aim was to produce a blend of polyckgztone and poly (L-lactide) using the methoeletrospinning for a
production of scaffold. The blends were fabricatsthg poly §-caprolactone) (PCL, from Aldrich), with Mw of 80®
g/mol, and poly (L-lactide) (PLLA, sintered in laktory), with Mw of 240 000 g/mol, were dissolvedchloroform
(CHCI3, Merck) and acetone (Synth) by stirring 6ohours. The solution was electrospun for 1 houngisn equipment
built by the research group, the voltage, flow rated distance from the tip of the needle to théectdr were 13 kV,
0.5ml/h and 12 cm, respectively. The morphologh®fsamples was observed by images obtained vatimsry electron
microscopy (SEM). Samples were also characterigdellblR and DSC.

Keywords: Polymers, Polyscaprolactone), poly (L- Lactic Acid), electrosping.
1. INTRODUCTION

Tissue engineering can be defined as “an inteidisary field that applies the principles of engéaring and the life
sciences toward the development of biological suliss that restore, maintain or improve tissuecfiom” (Langer and
Vacanti, 1993).

Tissue-engineering strategies aim for mimickingitheivo process of bone repair in a laboratoryisgt The three key
elements for generating bone tissue, namely ostéogeogenitor cells, osteoinductive growth factarsl osteoconductive
matrices are involved in this process.

Scaffolds are temporary matrices for bone growtd provide a specific environment and architectwe tfssue
development. The material composition as well agciral characteristics such as external andnatetesign is putatively
crucial for the successful outcome of all scaffolibed bone tissue-engineering strategies.



Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering

Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

In tissue engineering the materials for the calispert, called scaffolds are very important. Itae¢o offer a similar
function as an artificial extra cellular matrix onwhich cells attach, grow and form new tissuesn&methods to fabricate
scaffolds are electrospinning, solvent castingerfibonding, phase separation, gas induced foarsilg,leaching, 3D
printing, selective laser sintering, multi-phasé $elidification and others (Mikos, et al., 1996ands, et al., 1998;
Hutmacher, et al., 2004; Patist, et al., 2004 agatin, et al., 2002).

Electrospinning, has attracted a lot of attentioa tb its relative simplicity regarding the genmnatof fibrous scaffolds
with nanoscale dimensions. Electrospinning utilieksstrostatic forces to spin polymer solutionsnelts into whipped jets,
producing continuous fibers with diameters fronea hanometers to micrometers after solvent evaiporat the spinning
process (Pham, et. al, 2006; Yang, et al., 2009).

Polymers are organic or inorganic materials, wisisgctures are composed of repeating units, knasvmere, which
are linked by covalent bonds. Among the polymeeas #ne used for more than two decades in the nidatd the poly -
hydroxy acids) are highlighted, since they are m®red as one of the most promising family of patymin the area of
bioresorbable materials. The form of degradatiothese polymers occurs by hydrolysis of their ebtands. Also, poly
(lactic acid) (PLLA), poly (glycolic acid) (PGA) dnpoly -caprolactone) (PCL) are substances that are apgrby the
Food and Drug Administration (FDA).

The poly ¢-caprolactone) (PCL) has been used in many resemrbecause of its biodegradable, biocompatible
properties and also has the approval of U. S. FoatlAdministration (FDA). PCL is a semi-crystalliagphatic polymer
that has a slow degradation rate 12 — 24 montiadta low glass transition temperature at — 60%8eking temperature at
about 60°C, and a high thermal stability (Cardesal, 2010).

Poly (L-lactic acid) (PLLA) has been used in margsearches because the characteristics of biocdiiipgti
degradation and absorption in agueous medium. PklaAsemicrystalline polymer with a melting poinband 170 ° C and
a crystallinity around 70%. Among the poly (lactiBlLA is the one which has the lowest rate of ddgtion.

By using only one type of polymer for the fabricatiof scaffolds, all the necessary characteridtica given clinical
application is often not attained. Thus, researmh theen directed to study of polymer blends, copetg and composites
that improve the fundamental properties of scaffpklich as permeability, absorption and elastipgites (Zhang et al.,
1995).

PLLA/ PCL blends can be used to obtain improvedpprties regarding degradation rates, porosity &sdtance to
stress. Also, a critical characteristic is thatytban be molded in different sizes and shapesthitnwork the aim was to
produce blends of polycaprolactone and poly (Litbgt using the method of electrospinning for sddfforoduction. The
blends were fabricated using pobrdaprolactone) (PCL, from Aldrich), with Mw of 8@0, and poly (L-lactide) (PLLA,
sintered in laboratory).

2. MATERIALS

PLLA was synthesized by opening of cyclic dimetadtic acid (lactide), with the objective of obtaig high molecular
weight polymer (Motta et al., 2006).

The blend was made using potydaprolactone) (PCL, from Aldrich), with Mw of 8@0 g/mol, and PLLA, with Mw
of 240 000 g/mol, was dissolved in chloroform (CkJ®llerck) and acetone [(GHCO, Synth] with a rate of 25/75 wt%,
respectively. The mixtures were stirring duringdaits (Mikos et al., 1993).

The solution was electrospun for 1 hour using amipgent built by the research group, the voltagmwy frate and
distance from the tip of the needle to the collegtere 13 kV, 0.5ml/h and 12 cm, respectively. Tiféerent percentages
of PCL/PLLA are shown in the Table 1.

Table 1: Different percentages of the blends.

1 25 75
50 50
3 75 25
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Instrumental characterization

The morphology of the samples was observed by imagede with scanning electron microscopy (SEM) qusire
equipment Jeol (JXA 840 A). The fiber average ditamand standard deviation was obtained by theysisabf 8 fibers in
the SEM images.

The samples were also analyzed by Fourier Transfofrared Spectroscopy (FTIR) (4000 to 500 9niTransmission
spectra of samples were obtained using THERMO SCTIENC NICOLET IR100 spectrometer

Differential scanning calorimetry (DSC) were usedbtain the thermal properties of the blends df#LPCL using a
METTLER TOLEDO DSC 823e. The samples were weightd an aluminum sample port and hermetically sedlba
tests were performed under nitrogen atmospherBrat/min and two scans temperature range:

* First scan of 0 °C to 300 °C at a rate of 10 °C/min
« Second scan of 0 °C to 300 °C at a rate of 10 ¥C/imtierspersed with a cooling rate of 20 °C/min.
3. RESULTS AND DISCUSSION

DSC analysis confirmed the blend of those polymieos.all the heating the peaks showed in the semeérature showing
that the blends obtained are predominantly immisdiBigure 1). The sample with more PCL contend (iee) presents a
more pronounced Tm peak due to PCL, when compaitdtine sample with more PLLA in the compositiotugline),
which present an exothermic peak, which may betdumteraction of PLLA to PCL. The temperature @b1° C is next to
the melting temperature of PLLA for the three csrve
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Figure 1: DSC of the samples: blue- 1; black-2: i&

Figure 2 shows the spectrum of PLLA (green lind).samples were dislocated 300 tnTherefore the peak at
2995 cm-1 corresponds to alkane stretch (C—H).J$H@ peak is at 1750 chwhile peak at 1187 cthis for C-O group.
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Figure 2 shows spectrum of PCL (red line). The Gyaid is at 3443 cth The peaks appearing at 2943 and 2868 ane
due to the C—H stretching. The peak at 1724 swlue to the C=0 bonding. The C-O bending isL&7lcn'.
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Figure 2: FT-IR green line- PLLA; red line- PCL.

Figure 3 shows the spectrum of the polymer bleRils A/PCL). The peak at 3358 chtorresponds to O—H bond.
The C-H stretching is at 2992 and 29457crithe peak at 1747 chis due to the C=0 bonding and at 1184*cm
corresponds to the C-O bending. These groups itedilba presence of both polymers (PLLA/PCL) in itfends.
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Figure 3: FT-IR red line- sample 1; purple linergde 2; and blue line — simple 3.

The morphology of the different blends are showfign4. It can be seen for all samples that a rorem fibrous
system with high porosity were obtained. It is cldee dependence of the fiber diameter with thadleomposition. Table
2 presents the measured average diameter for smrhffleand 3. It can be seen that for sample 1rfilndgth average
diameter of 1,31 um were obtained, which is closthé value obtained in sample 2, where the avedageeter was 1,37
pm. However, the blend with equal proportion of P&id PLLA, the average diameter presented a loaleievof 0,79 um.
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Figure 4: SEM images of (1) sample 1; (2) sampl@psample 3 in (A) 1000x and (B) 5000x.

Table 2: Average of the samples.

Samples Average (um) Standard
_ ~_deviation (um)
1 1.31 +/-0.13
2 0.79 +/-0.36
3 1.37 +/-0.83
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The structural and functional properties of theuralt extracellular matrix (ECM) are crucial for tipeoliferation,
differentiation and migration of cells. As a congeqce, there is an increasing tendency to desigfiottt materials, as
applied in tissue regeneration approaches, acapidirihe characteristics of the ECM. The angle aftact can be very
useful for the adhesion and proliferation of celferefore is very important to study this aspedttich will be the aim in
further studies.

4. CONCLUSION

The use of biomaterials has been regarded as miepffalternative to the allograft, since it siigantly reduces the
risk of rejection and local inflammation. Also, theethod of preparation of the biopolymer togeth&ht properties may
influence in the degradation rate, flexibility acell adhesion. Fibrous mats with high porosity @fLFPLLA blends were
successfully obtained by electrospinning, showing potential use of electrospinning to fabricateffetds for tissue
engineering. It was observed that the fiber mompgwdepends on blend composition.
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